Since adenosine A 2A receptor (A 2A Rs) blockade protects against noxious brain insults involving apoptosis, we directly tested if A 2A R blockade prevents apoptosis induced by staurosporine (STS). Exposure of rat hippocampal neurons to STS (30 nM, 24 h) decreased neuronal viability while increasing the number apoptotic-like neurons and de-localizing mitochondria and cytochrome c immunoreactivities. This was prevented by the selective A 2A R antagonists, SCH58261 and ZM241385 (50 nM). Shorter incubation periods (6 h) with STS caused no neuronal loss but decreased synaptophysin and MAP-2 immunoreactivities, which was prevented by SCH58261. Furthermore, STS (100 nM) decreased MTT reduction and increased caspase-3 activity in rat hippocampal nerve terminals, which was prevented by SCH58261. These results show that A 2A R blockade inhibits STS-induced apoptotic-like neuronal cell death. This begins with an apoptotic-like synaptotoxicity, which later evolved into an overt neurotoxicity, and A 2A Rs effectively control this initial synaptotoxicity, in agreement with their predominant synaptic localization in the hippocampus.
Introduction
Adenosine is a ubiquitous neuromodulator in the brain, which mainly acts through two metabotropic adenosine receptors with opposite functions, namely the predominant inhibitory A 1 and facilitatory A 2A receptors (A 2A Rs) (Fredholm et al., 2005) . Adenosine plays an important role in controlling neuronal survival in noxious brain conditions in accordance with its pivotal homeostatic role signaling metabolic imbalance (reviewed in Cunha, 2001 ). Thus, the levels of adenosine rapidly rise as a result of increased workload or decreased metabolic competence of brain tissue (Latini and Pedata, 2001 ) and the extracellular levels of adenosine produce biphasic effects in the control of neuronal viability in the adult brain: the initial activation of A 1 Rs acts as a hurl increasing the threshold required for brain damage (de Mendonça et al., 2000) ; the over-activation of A 1 Rs leads to their desensitization and adenosine then mainly acts through A 2A Rs which mainly seem to contribute for the aggravation of brain damage in chronic noxious brain conditions in adults (reviewed in Cunha, 2005) . Accordingly, the blockade of A 2A Rs affords protection against different brain insults (Cunha, 2005; Xu et al., 2005) , namely in chronic neurodegenerative conditions such as Parkinson's, Alzheimer's, or Huntington's disease, which involve apoptotic neuronal features (Rego and Oliveira, 2003; Vila and Przedborski, 2003) . The mechanism underlying this neuroprotection remains unraveled, but the ability of A 2A R antagonists to directly protect cultured neurons against noxious insults that trigger neuronal damage featuring apoptotic-like characteristics (Dall'Igna et al., 2003; Mojsilovic-Petrovic et al., 2006) prompts the hypothesis that A 2A Rs might directly control apoptosis in neurons. We now directly tackled this question by testing if the blockade of A 2A Rs might prevent neuronal damage caused by the prototypic apoptotic inducer, staurosporine (e.g. Bertrand et al., 1994; Koh et al., 1995) .
Materials and methods

Primary cultures of hippocampal neurons
Hippocampal neurons were cultured from 17-to 19-day-old Wistar rat embryos, handled according to European guidelines (86/ 609/EEC), as previously described (Rebola et al., 2005a,b) , and plated on poly-D-lysine-coated 16-mm-diameter coverslips or 6-well dishes at densities of 5 × 10 4 /coverslip (viability and immunocytochemistry assays) or 1 × 10 6 /well (Western blot analysis). Neurons were grown at 37°C in a 5% CO 2 humidified atmosphere in
